SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a semiconductor device including a semiconductor 
circuit constituted of a thin-film transistor (hereinafter, abbreviated as a TFT) and a 
manufacturing method thereof. More particularly, the present invention relates to an electro- 
optical device as represented by a liquid crystal display panel and an electronic device 
including such an electro-optical device as a constituent. 

Throughout the specification, the term "semiconductor device" indicates all devices 
that utilize the semiconductor characteristics to function; electro-optical devices (hereinafter, 
referred to as display devices), semiconductor circuits and electronic devices are all included 
in the category of the semiconductor devices. 

2. Description of the Related Art 

Recently, there has been developed a technique for manufacturing a TFT by using a 
thin semiconductor film (with a thickness of about hundreds to thousands of nm) formed on a 
substrate which has an insulating surface. The TFT is widely applied to semiconductor 
devices such as an integrated circuit (IC) or an electro-optical device, and is urgently expected 
to be developed as, in particular, a switching element for a display device or the like. 

An active-matrix liquid crystal display device is frequently used as a semiconductor 
device because images with high definition can be obtained as compared with a passive liquid 
crystal display device. The active-matrix liquid crystal display device includes: a gate wiring; 
a source wiring; a TFT in a pixel portion, which is provided at the cross point of the gate 
wiring and the source wiring; and a pixel electrode connected to the TFT in the pixel portion. 

An amorphous silicon film is used as an amorphous semiconductor film for a 



conventional TFT because the amorphous silicon film can be formed on a large substrate at a 
low temperature of 300°C or less. An inverse-stagger type TFT having a channel formation 
region formed of an amorphous semiconductor film is widely used. 

Conventionally, a TFT is formed on a substrate by using five or more photomasks 
through a photolithography technique in an active-matrix electric device. The reduction of 
the number of manufacturing steps is believed to be effective to improve the productivity and 
the yield. 

For the reduction of the number of manufacturing steps, it is necessary to reduce the 
number of photomasks used in the manufacture of the TFT. With the use of one photomask, 
the steps of resist application, prebaking, exposure, development, postbaking and the like, the 
preceding and following steps of forming a coating film, etching and the like, and, 
furthermore, the step of resist removal, washing and drying, are inevitably added to 
complicate the manufacture of the TFT. 

SUMMARY OF THE INVENTION 

The present invention has been made to cope with the above problem, and has an 
object of reducing the number of photomasks used for manufacturing a TFT in an active- 
matrix liquid crystal display device so as to realize the improvement in productivity and yield. 

Moreover, the present invention has another object of solving a problem of poor 
coverage of a pixel electrode at the end of a pixel TFT, which generally occurs with the 
reduction of the number of photomasks, and of providing a structure for preventing an 
insulating film from being etched during the etching of an amorphous semiconductor film and 
a manufacturing method thereof. 

The present invention is characterized in that the manufacturing steps from the step 
of forming a conductive film for forming a gate wiring and a capacitance wiring and a 



terminal electrode to the step of forming a pixel electrode are carried out with three 
photomasks so as to solve the problem of poor coverage of a pixel electrode and to prevent an 
insulating film from being etched during the etching of an amorphous semiconductor film. 

The three photomasks are respectively characterized as follows: 
the first photomask is for forming a conductive film; 

the second photomask is for forming a first amorphous semiconductor film and a second 
amorphous semiconductor film containing an impurity element with one conductivity type (n- 
type or p-type); and 

the third photomask is for forming a pixel electrode, a source region, a drain region, a source 
electrode and a drain electrode, and for channel etching. 

According to a constitution of a manufacturing method disclosed in the present 
specification, a method of manufacturing a semiconductor device comprising: 

a first step of forming a gate wiring over an insulating surface; 

a second step of forming an insulating film covering said insulating surface and said 
gate wiring; 

a third step of forming a first amorphous semiconductor film over the insulating 

film; 

a fourth step of forming a second amorphous semiconductor film containing an 
impurity element of one conductivity type over the first amorphous semiconductor film; 

a fifth step of forming a conductive film comprising a metallic material over the 
second amorphous semiconductor film; 

a sixth step of forming an side edge of the first amorphous semiconductor film into 
a taper shape by etching the first amorphous semiconductor film and the second amorphous 
semiconductor film and the conductive film; 

a seventh step of forming a transparent conductive film over the conductive film; 



an eighth step of etching a part of the first amorphous semiconductor film and the 
second amorphous semiconductor film and the conductive film and the transparent conductive 
film to expose a part of the first amorphous semiconductor film and to form a pixel electrode 
formed from the transparent conductive film, a source wiring formed from the conductive 
film, source region and drain region formed from the second amorphous semiconductor film. 

In the sixth step, the conductive film and the second amorphous semiconductor film 
and the first amorphous semiconductor film are etched by chlorine group gas. 

A TFT manufactured by utilizing the present invention is shown in FIG. 15. In the 
present invention, the ends of a first amorphous semiconductor film 1001 are tapered so as to 
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□ improve the coverage. In order to taper the ends of the first amorphous semiconductor film 
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gi 1001, by etching the first amorphous semiconductor film 1001 using an etching gas of 
fy chlorine group while etching the metallic layer 1002a to form source electrode and drain 
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= electrode (and the second amorphous semiconductor film 1002b for forming source region 
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N and drain region), only side edges of the first amorphous semiconductor film 1001 can be 

O 

"5 formed into taper shape. Ultimately, an inverse-stagger TFT in which coverage defect of a 
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W pixel electrode 1003 has been solved can be manufactured with three photomasks in total. 
Moreover, when the amorphous semiconductor film is to be etched, it is possible to prevent 
an insulating film 1004 from etching in the vicinity of the ends of the first amorphous 
semiconductor film 1001. 

In this way, in the present invention, a multilayer film (metal film, second 
amorphous semiconductor film and first amorphous semiconductor film) comprising a 
plurality of different materials is etched at a time using the same etching gas (chlorine group) 
with a second photomask to improve throughput. 

Herein, a tapered shape angle (taper angle) of the first amorphous semiconductor 
film 1001 is defined as an angle formed by the surface of a substrate and an inclined portion 



of the end of the first amorphous semiconductor film (FIG. 21B). As shown in FIG. 21A, a 
taper angle of the end of the first amorphous semiconductor film can be controlled to fall 
within the range of 5 to 45 degrees by appropriately selecting the etching conditions. 

A chlorine type etching gas is used as an etching gas for carrying out the present 
invention. For example, a gas selected from the group consisting of Cb, BCI3, HC1 and SiCU, 
or a mixed gas of a plurality of gases selected from the above group, can be used as an etching 
gas. 

Because the chlorine type gas has little difference between etching rate to the metal 
layer 1002a and the etching rate to the second amorphous semiconductor film 1002 b, their 
side edges are almost made aligned. A chlorine type etching gas has different etching rates 
for the first amorphous semiconductor film and a second amorphous semiconductor film 
containing an impurity element with one conductivity type (n-type or p-type). Since the 
etching rate for the second amorphous semiconductor is higher than that for the first 
amorphous semiconductor film, the ends of the first amorphous semiconductor film can be 
formed in a tapered shape. 

In one constitution of the present invention shown in Fig. 15, a semiconductor 
device comprises a gate wiring over an insulating surface, an insulating film over the gate 
wiring, a first amorphous semiconductor film over the insulating film, a source region and a 
drain region provided in a second amorphous semiconductor film containing an impurity 
element of one conductivity type over the first amorphous semiconductor film, a source 
wiring or electrode over the source region or the drain region, and a pixel electrode 
overlapping and in contact with a part of the electrode, wherein a side edge of the first 
amorphous semiconductor film is tapered. 

In Fig. 15, the side edge of the second amorphous semiconductor film 1002b 
(source region or drain region) containing an impurity element of one conductivity type (n- 



type or p-type) is formed almost perpendicularly to the substrate, that is, in alignment with the 
side edge of the metal layer 1002a (source electrode and drain electrode). However, side 
edge of the second amorphous semiconductor film 1002b containing the impurity element of 
one conductivity type (n-type or p-type) or side edge of the metal layer 1002a may be etched 
into a taper shape. 

In other constitution of the present invention, a semiconductor device comprises a 
gate wiring over an insulating surface, an insulating film over the gate wiring, a first 
semiconductor film over the insulating film, a source region and a drain region provided in a 
second amorphous semiconductor film containing an impurity element of one conductivity 
type over the first amorphous semiconductor film, a source wiring or electrode over the 
source region and the drain region, and a pixel electrode overlapping with and being in 
contact with a part of the electrode, wherein a side edge of the first amorphous semiconductor 
film and a side edge of the second amorphous semiconductor film are tapered. 

It is to be noted that in the case where the side edge of the second amorphous 
semiconductor film 1002b or the side edge of the metal layer 1002a are tapered, they have a 
taper angle larger than that of the first amorphous semiconductor film. 

Further, a dry etching apparatus used in the present invention may be an etching 
apparatus of RIE or an etching apparatus of ICP. It is to be noted that because a taper angle 
can be controlled by controlling electric power, the etching apparatus of ICP is preferable. 

An etching experiment was conducted. After an insulating film (silicon oxide film) 
and a first amorphous semiconductor film (amorphous silicon film) and a second amorphous 
semiconductor film (phosphorus doped silicon film) and Al-Si film (aluminum film 
containing 2 wt % silicon) were laminated in order, they were selectively covered with a resist 
and they were etched using a mixture gas of Ch and BCI3 in fact. The cross-sectional view 
after that was observed and is shown in Fig. 19. In Fig. 19, SEM (Scanning Electron 



Microscope) photograph is shown and its magnification is fifty thousands times. By 
conducting the etching with the mixture gas of CI2 and BCI3, the Al-Si film and the second 
amorphous semiconductor film and the first amorphous semiconductor film can be etched at 
the same time, and further, only the side edge of the first amorphous semiconductor film can 
be tapered. 

Further, it is possible to use other metal materials in place of the Al-Si film. In that 

case, it is necessary to select etching condition, typically etching gas. For example, in the 

case where Ta film (tantalum film) is used as the metal film 1002a, by etching the first 

y= amorphous semiconductor film (amorphous silicon film) and the second amorphous 
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O semiconductor film (phosphorus doped silicon) and the Ta film, only the first amorphous 
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Oj semiconductor film can be tapered. 

Ty Further, in the case where a multi-layer of Tan and Ta is used as the metal film 

00 

2 1002a, by using a mixture gas of Cl 2 (gas flow rate of 40sccm) and CF 4 (gas flow rate of 

a 

2! 40sccm as etching gas, the first amorphous semiconductor film (amorphous silicon film) and 

O 

the second amorphous semiconductor film (phosphorus doped silicon film) and the multi- 
Is*? 

* y layer film of Tan and Ta are etched and only the first amorphous semiconductor film can be 
tapered. 

Further, in the case where W (tungsten) film is used as the metal layer 1002a, by 
using a mixture gas of CI2 (gas flow rate of 25sccm) and CF 4 (gas flow rate of 25sccm) and 
O2 (gas flow rate of lOsccm) or a mixture gas of CI2 (gas flow rate of 12sccm) and SF fi (gas 
flow rate of 6 seem) and 0 2 (gas flow rate of 12 seem) as an etching gas, the firs amorphous 
semiconductor film (amorphous silicon film) and the second amorphous semiconductor film 
(phosphorus doped silicon film) and the W film are etched, and the first amorphous 
semiconductor film can be tapered similarly. 

Further, in the case where Ti (titanium) film is used as the metal layer 1002a, by 
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using a mixture gas of CI2 and BCI3 as an etching gas, the first amorphous semiconductor film 
(amorphous silicon film) and the second amorphous semiconductor film (phosphorus doped 
silicon film) and Ti film are etched, and only the first amorphous semiconductor film can be 
tapered. 

Further, in Fig. 15, when formed into an island shape by etching using the second 
photomask, the side edge of the first amorphous semiconductor film is tapered, as illustrated 
above. However, as shown in Fig.23, the present invention can be applied to a step (channel 
etching) of removing a part of the first amorphous semiconductor film 2001 overlapping with 
the gate electrode 2000 through an insulating film. By using a third photomask and using an 
etching gas of chlorine type similarly, the metal layer 2002a and the second amorphous 
semiconductor film 2002b and the first amorphous semiconductor film 2001 are etched and 
only the first amorphous semiconductor film 2001 can be tapered so that a protective film 
(passivation film) is formed with favorable coverage at a later step. It is to be noted that 
reference numeral 2003 designates a pixel electrode and the reference numeral 2004 
designates a gate insulating film. 

Further, in the eighth step of the constitution of the above manufacturing method, a 
part of the first amorphous semiconductor film and the conductive film and the second 
amorphous semiconductor film are etched with a chlorine type gas. 

Further, according to the constitution shown in Fig.23 according to one of the 
present invention, a semiconductor device comprises a gate wiring over an insulating surface, 
a gate insulating film over the gate wiring, an amorphous semiconductor film over the gate 
insulating film, a source region and a drain region over the amorphous semiconductor film, a 
source wiring or electrode over the source region and the drain region, and a pixel electrode 
overlapping with and in contact with a part of the electrode wherein a region of the 
amorphous semiconductor film overlapping with the gate wiring with the gate insulating film 
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therebetween and not overlapping with the source region and the drain region has a thickness 
thinner than the other region and is tapered to become thin toward the center thereof. 

Further, in the above constitution, the region having the taper shape has an angle in 
the range of 5 ° to 45°. 

Further, in the above constitution, the side edge of the first amorphous 
semiconductor film may be tapered with an angle in the range of 5° to 45°. 

On the other hand, as a comparative example, FIG. 16 shows a TFT including a first 
amorphous semiconductor film and a second amorphous semiconductor film, each having the 
ends that are etched to be perpendicular to the substrate. The amorphous semiconductor 
films 1005 and 1006b are etched separately from the etching of the metal layer 1006a. After 
the metal layer 1006a is selectively wet etched, a first amorphous semiconductor film 1005 
and a second amorphous semiconductor film 1006 containing an impurity element with one 
conductivity type (n-type or p-type) of the TFT are dry etched with a mixed gas of CF 4 and 0 2 
using the metal layer as a mask. The first amorphous semiconductor film 1005 and the 
second amorphous semiconductor film 1006 containing an impurity element with one 
conductivity type (n-type or p-type) are simultaneously etched. As a result, the shapes of the 
ends of the first amorphous semiconductor film 1005 and the second amorphous 
semiconductor film 1006 containing an impurity element with one conductivity type (n-type 
or p-type) is formed to be perpendicular to the substrate in the almost same shape as each 
other as shown in FIG. 16. Then, a pixel electrode 1007 is formed on these films 1005 and 
1006. In the respective etchings in the comparative example, a side etching (an undercut) is 
produced so that when a film is formed later, there is a fear that the film might be cut at a step. 

In the above-described structure shown in Fig. 16, poor coverage occurs at the ends 
of the first amorphous semiconductor film 1005 and the second amorphous semiconductor 
film 1006 containing an impurity element with one conductivity type (n-type or p-type) and 



the metal layer 1006a. The poor coverage occurs to such a degree that the pixel electrode 
1007 cannot be formed in a normal state due to a poor etching or due to a step shape of the 
three layers. 

During the etching for manufacturing the above shape shown in Fig. 16, an 
insulating film 1008 in the vicinity of the ends of the first amorphous semiconductor film 
1005 is also etched to generate a variation of the insulating film in thickness. 

The other structure of the present invention, which is different from the above- 
described structure, will be described below. In the present invention, the manufacturing 
|^ steps from the formation of a conductive film to the formation of a pixel electrode are carried 
p out with three photomasks so as to solve the problem of poor coverage of a pixel electrode. 

m 

rji The three photomasks are respectively characterized as follows: 

fU the first photomask is for forming a conductive film; 

m 

h the second photomask is for forming an insulating film, a first amorphous semiconductor film, 

f==B 
M 

Si and a second amorphous semiconductor film containing an impurity element with one 

O 

v0. conductivity type (n-type or p-type); and 

a 

s s J the third photomask is for forming a pixel electrode, a source region, a drain region, a source 
electrode and a drain electrode, and for channel etching. 

According to other constitution of manufacturing method shown in the present 
specification, a method for manufacturing a semiconductor device comprises: 

a first step of forming a gate wiring over an insulating surface; 

a second step of forming an insulating film covering the insulating surface and the 
gate wiring; 

a third step of forming a first amorphous semiconductor film over the insulating 

film; 

a fourth step of forming a second amorphous semiconductor film containing an 
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impurity element of one conductivity type over the first amorphous semiconductor film; 

a fifth step of forming a conductive film comprising a metallic material over the 
second amorphous semiconductor film; 

a sixth step of etching the insulating film and the first amorphous semiconductor 
film and the second amorphous semiconductor film and the conductive film to taper a side 
edge of the first amorphous semiconductor film; 

a seventh step of forming a transparent conductive film over the conductive film; 

and 

an eighth step of etching a part of the first amorphous semicOonductor film and the 
P transparent conductive film and the conductive film and the second amorphous semiconductor 

m 

n\ film to expose a part of the first amorphous semiconductor film and to form a pixel electrode 

01 

fU from the transparent conductive film and to form a source wiring from the conductive film 

m 

s and to form a source region and a drain region from the second amorphous semiconductor 

□ 

M film. 

□ 

%0 A TFT manufactured by utilizing the present invention is shown in FIG. 17. 

rU According to the present invention, the ends of a first amorphous semiconductor film 1801 
are tapered so as to improve the coverage. In order to taper the ends of the first amorphous 
semiconductor film 1801, an inverse-stagger TFT is manufactured with three photomasks by 
using a chlorine type etching gas. As a result, the ends of the first amorphous semiconductor 
film 1801 can be manufactured to have a tapered shape, thereby solving the problem of poor 
coverage of a pixel electrode 1803. 

Herein, a tapered shape angle (taper angle) of the first amorphous semiconductor 
film 1801 is defined as an angle formed by the surface of a substrate and an inclined portion 
of the end of the first amorphous semiconductor film 1801 (FIG. 22B). As shown in FIG. 
22A, a taper angle of the end of the first amorphous semiconductor film can be controlled to 
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fall within the range of 5 to 45 degrees by appropriately selecting the etching conditions. 

A chlorine type etching gas is used as an etching gas for carrying out the present 
invention. For example, a gas selected from the group consisting of Cb, BCI3, HC1 and SiCU, 
or a mixed gas of a plurality of gases selected from the above group, can be used as an etching 
gas. 

Because a chlorine type gas has an etching rate to the metal layer 1802a and an 
etching rate to the second amorphous semiconductor film with a little difference, their side 
edges are almost aligned with each other. However, a chlorine type gas has different etching 
lj. rates for the first amorphous semiconductor film and a second amorphous semiconductor film 

□ containing an impurity element with one conductivity type (n-type or p-type). Since the 

05 

m etching rate for the second amorphous semiconductor film containing an impurity element 

gi 

fU with one conductivity type (n-type or p-type) is higher than that for the first amorphous 
03 

2_ semiconductor film, the ends of the first amorphous semiconductor film can be formed in a 

O 

VI tapered shape. 

*D According to the constitution of one of the present invention shown in Fig. 17, a 

Q 

i« semiconductor device comprises a gate wiring over an insulating surface, an insulating film 
over the gate wiring, a first amorphous semiconductor film over the insulating film, a source 
region and a drain region provided in a second amorphous semiconductor film containing an 
impurity element of one conductivity type over the first amorphous semiconductor film, a 
source wiring or electrode over the source region or the drain region, and a pixel electrode 
overlapping with and in contact with a part of the electrode, wherein only a side edge of the 
first amorphous semiconductor film is tapered and is aligned with a side edge of the insulating 
film, and the side edge of the insulating film is not aligned with the source wiring or electrode. 

In FIG. 17, the ends of a metal layer 1802a and a second amorphous semiconductor 
film 1802 containing an impurity element with one conductivity type (n-type or p-type) are 
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formed so as to be perpendicular to the substrate. However, the ends of a metal layer 1802a 

and a second amorphous semiconductor film 1802 containing an impurity element with one 

conductivity type (n-type or p-type) may alternatively be formed in a tapered shape. 

An experiment of the etching was carried out. An insulating film and a first 

amorphous semiconductor film and a second amorphous semiconductor film and an Al-Si 

film (aluminum film containing 2 wt % silicon) are laminated over a substrate in order. 

Thereafter, they are selectively covered with a photoresist and actually etched using a mixed 

gas of CI2 and BCI3. A resultant cross-sectional view was observed and is shown in FIG. 20. 

M= FIG. 20 is an SEM (scanning electron microscope) photograph taken at a magnifying power 
S 

□ of 50000. By etching with a mixture gas of CI2 and BCI3, the Al-Si film and the second 
1 

CH amorphous semiconductor film and the first amorphous semiconductor film can be etched at 

Ol 

W the same time so that only a side edge of the first amorphous semiconductor film can be 

JL tapered. Further, in Fig. 20, the insulating film is removed using the first amorphous 

2: semiconductor film as a mask. 

Further, in Fig. 17, when formed into an island shape by etching using the second 

jPy photomask, the side edge of the first amorphous semiconductor film is tapered. However, in a 
channel etch type TFT, the present invention can be applied a step (channel etching) of 
removing a part of the first amorphous semiconductor film overlapping with the gate 
electrode through the insulating layer. By using a third photomask and an etching gas of 
chlorine type similarly, the metal layer and the second amorphous semiconductor film and the 
first amorphous semiconductor film and the insulating film are etched, and only the first 
amorphous semiconductor film can be tapered so that in the case where a protective film 
(passivation film) is formed at a later step, a favorable coverage can be obtained. 

On the other hand, as a comparative example, Fig. 18 shows a TFT including a first 
amorphous semiconductor film and a second amorphous semiconductor film, each having the 



ends that are etched to be perpendicular to the substrate. Etching of the metal layer 1902a and 
etching of the amorphous semiconductor films 1901 and 1902b are conducted separately from 
each other. After the metal layer 1902a is selectively etched, a first amorphous 
semiconductor film 1901 and a second amorphous semiconductor film 1902 containing an 
impurity element with one conductivity type (n-type or p-type) of the TFT are etched with a 
mixed gas of CF 4 and 0 2 . The first amorphous semiconductor film 1901 and the second 
amorphous semiconductor film 1902 containing an impurity element with one conductivity 
type (n-type or p-type) are simultaneously etched. As a result, the ends of the first amorphous 
semiconductor film 1901 and the second amorphous semiconductor film 1902 containing an 
impurity element with one conductivity type (n-type or p-type) are formed to be perpendicular 
to the substrate as shown in FIG. 18. Then, a pixel electrode 1903 is formed on these films. 

In the above-described structure, poor coverage occurs at the ends of the first 
amorphous semiconductor film 1901 and the second amorphous semiconductor film 1902 
containing an impurity element with one conductivity type (n-type or p-type) and the metal 
film 1902a and the insulating film 1904. The poor coverage occurs to such a degree that the 
pixel electrode 1903 can not be formed in a normal state due to the thickness of the four films. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 
FIG. 1 is a top plan view showing a pixel; 

FIGS. 2A to 2C are diagrams showing the steps of manufacturing a semiconductor 

device; 

FIGS. 3A to 3C are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIGS. 4A and 4B are diagrams showing the steps of manufacturing the 
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semiconductor device; 

FIGS. 5A to 5C are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIGS. 6A to 6C are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIGS. 7A to 7C are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIG. 8 is a top plan view showing a pixel in Embodiment 3 of the present invention; 

U, FIGS. 9A to 9C are diagrams showing the steps of manufacturing the 

fa 

0 semiconductor device; 

01 FIGS. 10A to 10C are diagrams showing the steps of manufacturing the 

01 

I U semiconductor device; 

m 

? FIGS. 11 A to 11C are diagrams showing the steps of manufacturing the 
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semiconductor device; 

FIGS. 12A and 12B are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIGS. 13 A and 13B are diagrams showing the steps of manufacturing the 
semiconductor device; 

FIGS. 14A to 14D are diagrams illustrating examples of apparatuses utilizing the 
semiconductor device; 

FIG. 15 is a cross-sectional view showing a thin-film transistor manufactured by 
using the present invention; 

FIG. 16 is a cross-sectional view showing a thin film transistor (comparative 

example); 

FIG. 17 is a cross-sectional view showing another thin-film transistor according to 
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the present invention; 

FIG. 18 is a cross-sectional view showing another thin film transistor (comparative 

example); 

FIG. 19 is a cross-sectional SEM showing a thin film transistor according to the 
present invention; 

FIG. 20 is a cross-sectional SEM showing another thin film transistor according to 
the present invention; 

FIGS. 21A and 21B are diagrams for defining the taper angle; 

FIGS. 22A and 22B are another diagrams for defining the taper angle; and 

FIG. 23 is a cross-sectional view showing a thin film transistor according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, a semiconductor device manufactured by carrying out the present 
invention will be described. 
(Embodiment mode 1) 

First, a conductive film is formed on the entire surface of a substrate. The 
conductive film is formed into a desired shape through a first photolithography step. As a 
material of the conductive film, an element selected from W, WSi x , Al, Ti, Mo, Cu, Ta, Cr, 
Ni, and Mo, a film containing as a main component an alloy material or compound material 
containing the element as a main component, or a multi-layer film thereof can be enumerated. 
Later, the conductive film is etched to become a gate electrode or a gate wiring or a retention 
capacitance wiring. 

Next, an insulating film is formed on the entire surface of the conductive film. 
Later, the insulating film functions as a gate insulating film. A first amorphous 
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semiconductor film and a second amorphous semiconductor film containing an impurity 
element with one conductivity type (n-type or p-type) and a conductive film comprising a 
metallic material (a metallic material containing Al, Ti, Mo, Cu, Ta, Cr, Ni or Mo as a main 
component) are formed on the insulating film. Here, a conductive film containing Al as a 
main component is formed. 

Then, an unnecessary portion of the layered film formed of the first amorphous 
semiconductor film and the second amorphous semiconductor film containing an impurity 
element with one conductivity type (n-type or p-type) and the conductive film comprising 
metallic material is removed by etching through a second photolithography step. Here, 
without changing the etching gas, the first amorphous semiconductor film and the second 
amorphous semiconductor film and the conductive film are etched. The etching is conducted 
using a chlorine type gas for example a mixed gas of CI2 and BCI3 as an etching gas so that 
the ends of the conductive film comprising metallic material (Al) and the second amorphous 
semiconductor film containing an impurity element with one conductivity type (n-type or p- 
type) are etched perpendicularly to the substrate while the ends of the first amorphous 
semiconductor film are tapered. Note that the ends of the second amorphous semiconductor 
film containing an impurity element with one conductivity type (n-type or p-type) may also be 
tapered. 

Here, because a conductive material containing Al as a main component as the 
conductive film to become a source electrode or a drain electrode later, etching is conducted 
using a mixture gas of CI2 and BCI3 as an etching gas. However, not limited to that. When a 
material containing Ti is used, the side edge of the first amorphous semiconductor film can be 
tapered using the same mixture gas. Further, when a conductive material containing Ta as a 
main component is used for the conductive film, the side edge of the first amorphous 
semiconductor film can be tapered by using Cb gas or a mixture gas of Cl 2 gas and CF 4 gas. 
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Further, when a conductive material containing W as a main component is used for the 
conductive film, the side edge of the first amorphous semiconductor film can be tapered by 
using a mixture gas of Cl 2 gas and CF 4 gas and 0 2 gas or a mixture gas of CI2 gas and SF 4 gas 
and O2 gas. 

Next, after removal of a second resist mask, another resist mask is formed by using 
a shadow mask so as to selectively remove the insulating film covering a pad portion of a 
terminal portion. 

Next, a conductive film comprising a transparent conductive film is formed over the 
entire surface. As the transparent conductive film, ITO (indium oxide- tin oxide alloy) and an 
indium oxide - zinc oxide alloy (I^C^-ZnO) and zinc oxide (ZnO) are enumerated. 

Next, a part of the first amorphous semiconductor film and the transparent 
conductive film and the conductive film comprising metallic material and the second 
amorphous semiconductor film containing an impurity element with one conductivity type (n- 
type or p-type) are removed through a third photolithography step to form a source region and 
a drain region provided in the second amorphous semiconductor film and to simultaneously 
form a source wiring from the conductive film comprising metallic material and form a pixel 
electrode from the transparent conductive film. 

Further, when etching is conducted by using a chlorine gas for example a mixture 
gas of C12 and BC13 as an etching gas in the third photolithography step, a part to become a 
channel formation region can be tapered as shown in Fig. 23. 

As described above, through three photolithography steps, a semiconductor device 
including a pixel TFT which has the first amorphous semiconductor film with the tapered 
ends, the source wiring comprising metallic material, a storage capacitor, and the terminal 
portion can be manufactured. 
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(Embodiment mode 2) 

First, a conductive film is formed on the entire surface of a substrate. The 
conductive film is formed into a desired shape through a first photolithography step. Later, 
the conducive film is etched to form a gate electrode or a gate wiring or a storage capacitance 
wiring. 

Next, an insulating film is formed on the entire surface of the conductive film. 
Later, the insulating film functions as a gate insulating film. A first amorphous 
semiconductor film and a second amorphous semiconductor film containing an impurity 
element with one conductivity type (n-type or p-type) and a conductive film comprising 
metallic material (metallic material containing Al, Ti, Mo, Cu, Ta, Cr, Ni or Mo as a main 
component) are deposited on the insulating film. 

Then, an unnecessary portion of the layered film formed of the first amorphous 
semiconductor film and the second amorphous semiconductor film containing an impurity 
element with one conductivity type (n-type or p-type) and the conductive film comprising 
metallic material is removed by etching through a second photolithography step. Here, the 
first amorphous semiconductor film and the second amorphous semiconductor film and the 
conductive film are etched without changing the etching gas. The etching is conducted using 
a chlorine type gas for example a mixed gas of CI2 and BC1 3 as an etching gas so that the ends 
of the conductive film comprising metallic material and the second amorphous semiconductor 
film containing an impurity element with one conductivity type (n-type or p-type) are formed 
to be perpendicular to the substrate while the ends of the first amorphous semiconductor film 
are tapered. Note that the ends of the second amorphous semiconductor film containing an 
impurity element with one conductivity type (n-type or p-type) may also be tapered. 

Next, an unnecessary portion of the insulating film is removed by etching with 
continuous use of a second photomask which is used for etching the first amorphous 
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semiconductor film and the second amorphous semiconductor film containing an impurity 
element with one conductivity type (n-type or p-type). 

Next, a conductive film of a transparent conductive film is formed on the entire 
surface. As the transparent conductive film, ITO (indium oxide - tin oxide alloy) and indium 
oxide - zinc oxide alloy (In203 - ZnO) and zinc oxide (ZnO) are enumerated. 

Thereafter, a part of the first amorphous semiconductor film and the transparent 
conductive film and the conductive film comprising metallic material and the second 
amorphous semiconductor film containing an impurity element with one conductivity type (n- 
type or p-type) is removed through a third photolithography step to form a source region and a 
drain region of a gate electrode while forming a source wiring from the conductive film 
comprising metallic material and forming a pixel electrode from the transparent conductive 
film. 

7* As described above, through three photolithography steps, a semiconductor display 

O 

%J device including a pixel TFT which has the first amorphous semiconductor film with the 
□ 

uj tapered ends, the source wiring, a storage capacitor, and a terminal portion can be 

□ 

flj manufactured. 

The present invention with the above-described structures will be described further 
in detail in the following Embodiments. 
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Embodiments: 
(Embodiment 1) 

Embodiment 1 of the present invention will be described with reference to FIGS. 1 
to 4B. In Embodiment 1, a manufacturing method of a liquid crystal display device is 
described. A method of manufacturing an inverse-stagger TFT in a pixel portion on a 
substrate and manufacturing a storage capacitor to be connected to the TFT will be described 

20 



in detail in the order of the manufacturing steps. In FIGS. 2A to 4B, a terminal portion, which 
is provided at the end of the substrate so as to be electrically connected to a wiring of a circuit 
provided on another substrate, is also illustrated in the steps of manufacturing a TFT. The 
cross-sectional views of FIGS. 2 A to 4B correspond to the cross section taken along a line A- 
A y in FIG. 1. 

First, a display device is manufactured by using a substrate 200 with light 
transmittance. As the substrate 200, a glass substrate such as barium borosilicate glass and 
alumino borosilicate glass, as represented by #7059 glass and #1737 glass manufactured by 
Corning Inc., can be used. Besides, a light transmitting substrate such as a quartz substrate 
and a plastic substrate can also be used as the substrate 200. 

After forming a conductive film on the entire surface of the substrate 200, a first 
photolithography step is conducted to form a resist mask. An unnecessary portion is 
removed by etching to form gate electrodes 202 and 203, a storage capacitor wiring 204, and 
a terminal portion 201 (FIG. 2A). 

As a material for the electrodes 202 and 203, an element selected from the group 
consisting of titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr) 
and neodymium (Nd), an alloy containing the above element as a constituent, or a nitride 
containing the above element as a constituent, is used. Alternatively, the combination of 
plural selected from: an element selected from the group consisting of titanium (Ti), tantalum 
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr) and neodymium (Nd); an alloy 
containing the above element as a constituent; and a nitride containing the above element as a 
constituent, can be deposited as a laminate layer to form the electrodes 202 and 203. 

For application to a large screen, it is desirable to form gate wirings 202 and 203 
including the gate electrodes, the capacitor wiring 204 and a terminal of the terminal portion 
201, using a low-resistance conductive material. Therefore, aluminum (Al), copper (Cu), 
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silver (Ag), gold (Au), platinum (Pt) or the like, or an alloy containing the above element as a 
constituent can be used as a material. Since aluminum (Al), copper (Cu) and silver (Ag) are 
disadvantageous in their low thermal resistance, high corrosiveness and the like, however, 
these elements can be used in combination with a thermally resistant conductive material. 

Next, an insulating film 207 is formed on the entire surface. A silicon nitride film is 
used as the insulating film 207, and is formed to have a thickness of 50 to 200 nm, preferably, 
150 nm. Note that the gate insulating film 207 is not limited to the silicon nitride film; an 
insulating film such as a silicon oxide film, a silicon nitride oxide film or a tantalum oxide 
film can also be used (FIG. 2B). 

Next, a first amorphous semiconductor film 206 with a thickness of 50 to 200 nm, 
preferably, 100 to 150 nm, is formed on the entire surface of the insulating film 207 through a 
known method such as a plasma CVD method or a sputtering method. Typically, an 
amorphous silicon (a-Si) film is formed to have a thickness of 100 nm. As the first 
amorphous semiconductor film 206, a microcrystalline semiconductor film and a compound 
semiconductor film with an amorphous structure, such as an amorphous silicon germanium 
film, or an amorphous silicon carbide film can also be used (FIG. 2B). 

Next, a second amorphous semiconductor film 205 containing an impurity element 
with one conductivity type (n-type or p-type) is formed to have a thickness of 50 to 200 nm. 
The second semiconductor film 205 containing an impurity element with one conductivity 
type (n-type or p-type) is formed on the entire surface by a known method such as a plasma 
CVD method or a sputtering method. In Embodiment 1, the second amorphous 
semiconductor film 205 containing an n-type impurity element is formed by using a silicon 
target to which phosphorus (P) is added. Alternatively, the second amorphous semiconductor 
film 205 may be formed with a silicon target by sputtering in an atmosphere containing 
phosphorus. Further alternatively, the second amorphous semiconductor film 205 containing 
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an impurity element that imparts an n-type conductivity may be formed of a microcrystalline 
silicon hydride film (FIG. 2B). Further, a conductive film 205b comprising metallic material 
is formed to a thickness of 50 to 200 nm by using sputtering or the like. 

Then, a second photolithography step is conducted to form a resist mask 208. A 
first amorphous semiconductor film 209 and a second amorphous semiconductor film 210 
containing an impurity element with one conductivity type (n-type or p-type) and a 
conductive film 210b are formed to have a desired shape by selectively removing the 
conductive film and the first amorphous semiconductor film and the second amorphous 
semiconductor film by etching . In Embodiment 1, the first amorphous semiconductor film 
209 and the second amorphous semiconductor film 210 containing an impurity element with 
one conductivity type (n-type or p-type) and the conductive film 210b are formed by dry 
etching using a mixed gas of CI2 = 40 seem and BCI3 = 40 seem as an etching gas. As a result 
of etching, the ends of the conductive film 210b the second amorphous semiconductor film 
210a containing an impurity element with one conductivity type (n-type or p-type) are 
perpendicular to the substrate, whereas the ends of the first amorphous semiconductor film 
209 are tapered at an angle in the range of 5 to 45 degrees (FIG. 2C). 

The ends of the second amorphous semiconductor film 210 containing an impurity 
element with one conductivity type (n-type or p-type) may be tapered. Although the mixed 
gas of CI2 = 40 seem and BCI3 = 40 seem is used as an etching gas in Embodiment 1, a 
composition of the etching gas is not limited to the above-mentioned composition as long as a 
TFT with a shape shown in FIG. 2C is obtained; for example, a gas selected from the group 
consisting of Cl 2 , BC1 3 , HC1 and SiCl 4 , or a mixed gas of a plurality of gases selected from the 
above group, can be used as an etching gas. 

Next, after removal of the resist mask 208, another resist mask is formed by using a 
shadow mask. After the insulating film 207, which covers a pad portion of the terminal 
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portion, is selectively removed to form an insulating film 301, the resist mask is removed 
(FIG. 3A). Instead of using the shadow mask, a resist mask formed by screen printing may 
alternatively be used as an etching mask. 

Then, a conductive film 302 of a transparent conductive film is formed on the entire 
surface (FIG. 3B). The conductive film 302 is formed by sputtering or vacuum evaporation, 
using indium oxide (In 2 03) or an alloy of indium oxide and tin oxide (In 2 03-Sn0 2 ; 
abbreviated as ITO) as a material. 

Next, a third photolithography step is conducted to form a resist mask 403. An 
unnecessary portion is removed by etching to form a pixel electrode 405 from the transparent 
conductive film and to form a source wiring 402 and a drain electrode 404 and to expose a 
part of the first amorphous semiconductor film (FIG. 4A). The etching treatment of the 
conductive film comprising the transparent conductive film is conducted in a chlorine type 
solution. After the pixel electrode 405 is formed, etching gases are appropriately changed to 
etch the metal layer and the second amorphous semiconductor film . It is to be noted that in 
the above third photolithography step, an overetching is conducted to completely separate the 
source region and the drain region from each other, and further a part of the first amorphous 
semiconductor film is removed. In the removed region of the first amorphous semiconductor 
film, a channel is formed. 

Further, similarly to the second photolithography step, a part of the first amorphous 
semiconductor film and the metal layer and the second amorphous semiconductor film may 
be etched at a time by using a chlorine type gas in the third photolithography step. In that 
case, the etched region of the first amorphous semiconductor film overlaps with the gate 
wiring with a gate insulating film therebetween and does not overlap with the source region or 
the drain region. The region overlapping with the gate wiring with a gate insulating film 
therebetween in the first amorphous semiconductor film is referred to as a channel formation 
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region (back channel part). Further, the etched region in the first amorphous semiconductor 
film has a taper shape in which thickness thereof becomes thinner toward a center of the 
region. Accordingly, it is possible to manufacture a channel etch type TFT having a channel 
formation region free from a step. 

Subsequently, a resist mask 401 is removed. FIG. 4B shows a cross-sectional view 
in this state. 

As described above, through three photolithography steps, an active matrix 
substrate comprising a source wiring 402 and a pixel TFT of an inverse stagger type and the 
storage capacitor 408 and the terminal portion 409 can be obtained. With respect to the 
following steps, using the know technique, formation of orientation film and rubbing 
treatment and sticking of a counter substrate and injection of liquid crystal and sealing and 
sticking of FPC are conducted to complete a liquid crystal display device of transmission type. 

Further, if necessary, a protective film comprising a silicon nitride film or a silicon 
oxynitride film may be formed. It is not provided over a terminal electrode connected with 
FPC. 

The TFT including an active layer formed of the amorphous semiconductor film, 
obtained in Embodiment 1, has a small field-effect mobility, i.e., only about 1 cmWsec. 
Therefore, a driving circuit for performing the image display is formed with an IC chip, and is 
mounted through TAB (tape automated bonding) or COG (chip on glass). 

Further, a TFT having a multi-gate structure comprising a plurality of channel 
formation regions, here a TFT having a double-gate structure, is shown in Embodiment 1. 
However, a single gate structure may be used without limitation. 

(Embodiment 2) 

The semiconductor display device including the channel etch type TFT in the pixel 
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portion has been described in Embodiment 1, while a semiconductor display device including 
a channel stop type TFT in the pixel portion will be described in Embodiment 2 with 
reference to FIGS. 5 A to 7C. 

First, a semiconductor display device is manufactured by using a substrate 500 with 
light transmittance. As the substrate 500, a glass substrate such as barium borosilicate glass 
and alumino borosilicate glass, as represented by #7059 glass and #1737 glass manufactured 
by Corning Inc., can be used. Besides, a light transmitting substrate such as a quartz substrate 
and a plastic substrate can also be used as the substrate 500. 

After forming a conductive film on the entire surface of the substrate 500, a first 
photolithography step is conducted to form a resist mask. An unnecessary portion is removed 
by etching to form gate electrodes 502 and 503, a storage capacitor wiring 504, and a terminal 
portion 501 (FIG. 5A). 

As a material for the electrodes 502 and 503, an element selected from the group 
consisting of titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr) 
and neodymium (Nd), an alloy containing the above element as a constituent, or a nitride 
containing the above element as a constituent, is used. Alternatively, the combination of 
plural selected from: an element selected from the group consisting of titanium (Ti), tantalum 
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr) and neodymium (Nd); an alloy 
containing the above element as a constituent; and a nitride containing the above element as a 
constituent, can be deposited as a laminate layer to form the electrodes 502 and 503. 

For application to a large screen, it is desirable to form the gate wirings 502 and 503 
including the gate electrodes, the capacitor wiring 504 and the terminal 501 of the terminal 
portion, using a low-resistance conductive material. Therefore, aluminum (Al), copper (Cu), 
silver (Ag), gold (Au), platinum (Pt) or the like, or an alloy containing the above element as a 
constituent, can be used as a material. However, since aluminum (Al), copper (Cu) and silver 
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(Ag) are disadvantageous in their low thermal resistance, high corrosiveness and the like, 
these elements can be used in combination with a thermally resistant conductive material. 

Next, an insulating film 506 is formed on the entire surface. A silicon nitride film is 
used as the insulating film 506, and is formed to have a thickness of 50 to 200 nm, preferably, 
150 nm. Note that the gate insulating film 506 is not limited to the silicon nitride film; an 
insulating film such as a silicon oxide film, a silicon nitride oxide film or a tantalum oxide 
film can also be used (FIG. 5B). 

Next, an amorphous semiconductor film 505 with a thickness of 50 to 200 nm, 
preferably, 100 to 150 nm, is formed on the entire surface of the insulating film 506 through a 
known method such as a plasma CVD method or a sputtering method. Typically, an 
amorphous silicon (a-Si) film is formed to have a thickness of 100 nm (FIG. 5B). 

Then, a second photolithography step is conducted to form a resist mask 507. An 
unnecessary portion is removed by etching to form an amorphous semiconductor film 508. In 
Embodiment 2, the amorphous semiconductor film 508 is formed by dry etching using a 
mixed gas of CI2 = 40 seem and BCI3 = 40 seem as an etching gas. As a result of etching, the 
ends of the amorphous semiconductor film 508 are tapered at an angle in the range of 5 to 45 
degrees. Although the mixed gas of CI2 = 40 seem and BCI3 = 40 seem is used as an etching 
gas in Embodiment 2, a composition of the etching gas is not limited to the above-mentioned 
composition as long as a TFT with a shape shown in FIG. 5C is obtained; for example, a gas 
selected from the group consisting of CI2, BCI3, HC1 and SiCU, or a mixed gas of a plurality 
of gases selected from the above group can be used as an etching gas. 

Next, after removal of the resist mask 507, another resist mask is formed by using a 
shadow mask. After the insulating film 506, which covers a pad portion of the terminal 
portion, is selectively removed to form an insulating film 601, the resist mask is removed 
(FIG. 6A). Instead of using the shadow mask, a resist mask formed by screen printing may 
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alternatively be used as an etching mask. 

Next, a doping step is conducted to form an LDD (lightly doped drain) region of the 
n-channel TFT. The doping is performed by ion doping or ion implantation. Phosphorus is 
added as an n-type impurity so as to form impurity regions 604 to 606 with the use of second 
insulating films 602 and 603 as masks. A donor density of these regions is set to 1 x 10 16 to 1 
x 10 17 /cm 3 . 

Then, a conductive film 608 of a transparent conductive film is formed on the entire 
surface (FIG. 6C). The conductive film 608 is formed by sputtering or vacuum evaporation, 
using indium oxide (In 2 03) or an alloy of indium oxide and tin oxide (In 2 03-Sn0 2 ; 
abbreviated as ITO) as a material. An etching treatment for such a material is conducted with 
a chlorine type solution. 

Next, a third photolithography step is conducted to form a resist mask 701. An 
unnecessary portion is removed by etching to form a source wiring 706, a source region 702, 
a drain region 704 and a pixel electrode 705 (FIG. 7B). 

Subsequently, the resist mask 701 is removed. FIG. 7C shows a cross-sectional 
view in this state. 

As described above, through three photolithography steps, a light transmitting 
semiconductor display device including the source wiring 706, an inverse-stagger pixel TFT 
707, a storage capacitor 708 and a terminal portion 709 can be manufactured. 

As in Embodiment 1, a driving circuit formed with an IC chip is mounted to 
perform the image display in Embodiment 2. 

(Embodiment 3) 

Embodiment 3 of the present invention will be described with reference to FIGS. 8 
to IOC. In Embodiment 3, a manufacturing method of a liquid crystal display device is 
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described. A method of manufacturing an inverse-stagger TFT in a pixel portion on a 
substrate and manufacturing a storage capacitor connected to the TFT will be described in 
detail in the order of the manufacturing steps. In FIGS. 9A to 10C 5 a terminal portion, which 
is provided at the end of the substrate so as to be electrically connected to a wiring of a circuit 
provided on another substrate, is also illustrated in the steps of manufacturing a TFT. The 
cross-sectional views of FIGS. 9A to IOC correspond to the cross section cut along a line A- 
A' in FIG. 8. 

First, a semiconductor display device is manufactured by using a substrate 1200 
with light transmittance. As the substrate 1200, a glass substrate such as barium borosilicate 
glass and alumino borosilicate glass, as represented by #7059 glass and #1737 glass 
manufactured by Corning Inc., can be used. Besides, a light transmitting substrate such as a 
quartz substrate and a plastic substrate can also be used as the substrate 1200. 

After forming a conductive film on the entire surface of the substrate 1200, a first 
photolithography step is conducted to form a resist mask. An unnecessary portion is 
removed by etching so as to form gate electrodes 1202 and 1203, a storage capacitor wiring 
1204, and a terminal portion 1201 (FIG. 9A). 

As a material for the electrodes 1202 and 1203, an element selected from the group 
consisting of titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr) 
and neodymium (Nd), an alloy containing the above element as a constituent, or a nitride 
containing the above element as a constituent, is used. Alternatively, the combination of 
plural selected from: an element selected from the group consisting of titanium (Ti), tantalum 
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr) and neodymium (Nd); an alloy 
containing the above element as a constituent; and a nitride containing the above element, can 
be deposited as a laminate layer to form the electrodes 1202 and 1203. 

For application to a large screen, it is desirable to form gate wirings including the 
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gate electrodes 1202 and 1203, the capacitor wiring 1204 and a terminal of the terminal 
portion 1201, using a low-resistance conductive material. Therefore, aluminum (Al), copper 
(Cu), silver (Ag), gold (Au), platinum (Pt) or the like or an alloy containing the above element 
as a constituent can be used as a material. However, since aluminum (Al), copper (Cu) and 
silver (Ag) are disadvantageous in their low thermal resistance, high corrosiveness and the 
like, these elements can be used in combination with a thermally resistant conductive material. 

Next, an insulating film 1207 is formed on the entire surface. A silicon nitride film 
is used as the insulating film 1207, and is formed to have a thickness of 50 to 200 nm, 
preferably, 150 nm. The gate insulating film 1207 is not limited to the silicon nitride film; an 
insulating film such as a silicon oxide film, a silicon nitride oxide film or a tantalum oxide 
film can also be used (FIG. 9B). 

Next, a first amorphous semiconductor film 1206 with a thickness of 50 to 200 nm, 
preferably, 100 to 150 nm, is formed on the entire surface of the insulating film 1207 through 
a known method such as a plasma CVD method or a sputtering method. Typically, an 
amorphous silicon (a-Si) film is formed to have a thickness of 100 nm. As the first 
amorphous semiconductor film 1206, a microcrystalline semiconductor film and a compound 
semiconductor film with an amorphous structure, such as an amorphous silicon germanium 
film, or an amorphous silicon carbide film can also be used (FIG. 9B). 

Next, a second amorphous semiconductor film 1205 containing an impurity element 
with one conductivity type (n-type or p-type) is formed to have a thickness of 50 to 200 nm. 
The second semiconductor film 1205 containing an impurity element with one conductivity 
type (n-type or p-type) is formed on the entire surface by a known method such as a plasma 
CVD method or a sputtering method. In Embodiment 3, the second amorphous 
semiconductor film 1205 containing an n-type impurity element is formed by using a silicon 
target to which phosphorus (P) is added. Alternatively, the second amorphous semiconductor 
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film 1205 may be formed with a silicon target by sputtering in an atmosphere containing 
phosphorus. Further alternatively, the second amorphous semiconductor film 1205 containing 
an impurity element that imparts an n-type conductivity may be formed of a microcrystalline 
silicon hydride film (FIG. 9B). Further, a conductive film 1205b comprising metallic material 
is formed to a thickness of 50 to 200nm by sputtering or the like. (Fig.9(B)) 

Then, a second photolithography step is conducted to form a resist mask 1208. A 
conductive film and a first amorphous semiconductor film 1209 and a second amorphous 
semiconductor film 1210 containing an impurity element with one conductivity type (n-type 
or p-type) are formed to have a desired shape by etching. In Embodiment 3, the first 
amorphous semiconductor film 1209 and the second amorphous semiconductor film 1210 
containing an impurity element with one conductivity type (n-type or p-type) and the 
conductive film 1210b are formed by dry etching using a mixed gas of CI2 = 40 seem and 
BCI3 = 40 seem as an etching gas. As a result of etching, the ends of the conductive film 
1210b and the second amorphous semiconductor film 1210 containing an impurity element 
with one conductivity type (n-type or p-type) are formed perpendicular to the substrate, 
whereas the ends of the first amorphous semiconductor film 1209 are tapered at an angle in 
the range of 5 to 45 degrees (FIG. 9C). 

The ends of the second amorphous semiconductor film 1210 containing an impurity 
element with one conductivity type (n-type or p-type) may also be tapered. Although the 
mixed gas of Cl 2 = 40 seem and BC1 3 = 40 seem is used as an etching gas in Embodiment 3, a 
composition of an etching gas is not limited to the above-mentioned composition as long as a 
TFT with a shape shown in FIG. 9C is obtained; for example, a gas selected from the group 
consisting of Cl 2 , BC1 3 , HC1 and SiCl 4 or a mixed gas of a plurality of gases selected from the 
above group can be used as an etching gas. 

Next, with continuous use of the resist mask 1208, an insulating film 1211 is 
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formed in a desired shape by etching. In Embodiment 3, the insulating film 1211 is formed 
by dry etching using a gas of CHF3 = 35 seem as an etching gas (FIG. 9C). Although a gas of 
CHF 3 = 35 seem is used as an etching gas in Embodiment 3, a composition of the etching gas 
is not limited thereto as long as a TFT with a shape shown in FIG. 9C is manufactured. 

Then, a conductive film 1301 of a transparent conductive film is formed on the 
entire surface (FIG. 10A). The conductive film 1301 is formed by sputtering, vacuum 
evaporation, or the like using indium oxide (In 2 03) or an alloy of indium oxide, tin oxide 
(In 2 0 3 -Sn02; abbreviated as ITO) etc., as a material. 

Next, a third photolithography step is conducted to form a resist mask 1302. An 
unnecessary portion is removed by etching to form a source wiring 1303, a source region, a 
drain region, a drain electrode 1305 and a pixel electrode 1306 (FIG. 10B). It is to be noted 
that after the conductive film comprising a transparent conductive film is subjected to en 
etching treatment using a chlorine type solution, the metal film and the second amorphous 
semiconductor film are etched by using a gas. Further, in the above third photolithography 
step, in order to completely separate the source region and the drain region from each other, 
an overetching is conducted, and a part of the first amorphous semiconductor film is removed. 

Subsequently, the resist mask 1302 is removed. FIG. 10C shows a cross-sectional 
view in this state. 

As described above, through three photolithography steps, an active matrix 
substrate including the source wiring 1303, an inverse-stagger pixel TFT 1308, a storage 
capacitor 1309 and a terminal portion 1310 can be manufactured. With respect to the 
following steps, by using known technique, formation of orientation film and rubbing 
treatment and sticking of counter substrate and injection of liquid crystal and sealing and 
sticking of FPC are conducted to complete a transmission type liquid crystal display device. 

Further, if necessary, a protective film comprising silicon nitride film and silicon 
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oxynitride film may be formed. It is not provided over a terminal electrode connected with 
FPC or the like. 

The TFT including an active layer formed of the amorphous semiconductor film, 
obtained in Embodiment 3, has a small field-effect mobility, i.e., only about 1 cm 2 /Vsec. 
Therefore, a driving circuit for performing the image display is formed with an IC chip, and is 
mounted through TAB (tape automated bonding) or COG (chip on glass). 

Further, a TFT having a multi-gate structure comprising a plurality of channel 
formation regions, here a TFT having a double gate structure, is illustrated in Embodiment 3. 
However, a single gate structure may be used without limitation. 

(Embodiment 4) 

The semiconductor display device including the channel etch type TFT in the pixel 
portion has been described in Embodiment 3, while a semiconductor display device including 

o 

Jjj a channel stop type TFT in the pixel portion will be described in Embodiment 4 with 

PI 

3 reference to FIGS. 11A to 13B. 

O 

ry First, a semiconductor display device is manufactured by using a substrate 1400 

with light transmittance. As the substrate 1400, a glass substrate such as barium borosilicate 
glass and alumino borosilicate glass, as represented by #7059 glass and #1737 glass 
manufactured by Corning Inc., can be used. Besides, a light transmitting substrate such as a 
quartz substrate and a plastic substrate can also be used as the substrate 1400. 

After forming a conductive film on the entire surface of the substrate 1400, a first 
photolithography step is conducted to form a resist mask. An unnecessary portion is removed 
by etching to form gate electrodes 1402 and 1403, a storage capacitor wiring 1404, and a 
terminal portion 1401 (FIG. 11 A). 

As a material for the electrodes 1402 and 1403, an element selected from the group 
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consisting of titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr) 
and neodymium (Nd), an alloy containing the above element as a constituent, or a nitride 
containing the above element as a constituent, is used. Alternatively, the combination of 
plural selected from: an element selected from the group consisting of titanium (Ti), tantalum 
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr) and neodymium (Nd); an alloy 
containing the above element as a constituent; and a nitride containing the above element as a 
constituent, can be deposited as a laminate layer to form the electrodes 1402 and 1403. 

For application to a large screen, it is desirable to form gate wirings including the 
gate electrodes 1402 and 1403, the storage capacitor 1404 and a terminal of the terminal 
portion 1401, using a low-resistance conductive material. Therefore, aluminum (Al), copper 
(Cu), silver (Ag), gold (Au), platinum (Pt) or the like, or an alloy containing the above 
element as a constituent, can be used as a material. However, since aluminum (Al), copper 
(Cu) and silver (Ag) are disadvantageous in their low thermal resistance, high corrosiveness 
and the like, these elements can be used in combination with a thermally resistant conductive 
material. 

Next, an insulating film 1406 is formed on the entire surface. A silicon nitride film 
is used as the insulating film 1406, and is formed to have a thickness of 50 to 200 nm, 
preferably, 150 nm. The gate insulating film 1406 is not limited to the silicon nitride film; an 
insulating film such as a silicon oxide film, a silicon nitride oxide film or a tantalum oxide 
film can also be used (FIG. 11B). 

Next, an amorphous semiconductor film 1405 with a thickness of 50 to 200 nm, 
preferably, 100 to 150 nm, is formed on the entire surface of the insulating film 1406 through 
a known method such as a plasma CVD method or a sputtering method. Typically, an 
amorphous silicon (a-Si) film is formed to have a thickness of 100 nm (FIC. 11B). 

Then, a second photolithography step is conducted to form a resist mask 1407. An 
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unnecessary portion is removed by etching to form an amorphous semiconductor film 1408. 
In Embodiment 4, the amorphous semiconductor film 1408 is formed by dry etching using a 
mixed gas of Cl 2 = 40 seem and BCI3 = 40 seem as an etching gas. As a result of etching, the 
ends of the amorphous semiconductor film 1408 are tapered at an angle in the range of 5 to 45 
degrees. Although the mixed gas of Cb = 40 seem and BCI3 = 40 seem is used as an etching 
gas in Embodiment 4, a composition of an etching gas is not limited to the above-mentioned 
composition as long as a TFT with a shape shown in FIG. 11C is obtained; for example, a gas 
selected from the group consisting of Cl 2 , BCI3, HC1 and SiCl 4 or a mixed gas of a plurality of 
gases selected from the above group can be used as an etching gas. 

Next, with continuous use of the resist mask 1407, an insulating film 1409 is 
formed in a desired shape by etching. In Embodiment 4, the insulating film 1409 is formed 
by dry etching using a gas of CHF 3 = 35 seem as an etching gas (FIG. 11C). Although a gas 
of CHF 3 = 35 seem is used as an etching gas in Embodiment 4, a composition of the etching 
gas is not limited thereto as long as a TFT with a shape shown in FIG. 11C is manufactured. 

Next, a doping step is conducted to form an LDD (lightly doped drain) region of the 
n-channel TFT. The doping is performed by ion doping or ion implantation. Phosphorus is 
added as an n-type impurity so as to form impurity regions 1503 to 1505 with the use of 
second insulating films 1501 and 1502 as masks. A donor density of these regions is set to 1 
x 10 16 to 1 x 10 17 /cm 3 (FIG. 12A). 

Then, a conductive film 1506 of a transparent conductive film is formed on the 
entire surface (FIG. 12B). The conductive film 1506 is formed by sputtering or vacuum 
evaporation, using indium oxide (ln 2 0 3 ) or an alloy of indium oxide and tin oxide (ln 2 0 3 - 
Sn0 2 ; abbreviated as ITO) as a material. An etching treatment for such a material is 
conducted with a chlorine type solution. 

Next, a third photolithography step is conducted to form a resist mask 1601. An 
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unnecessary portion is removed by etching to form a source wiring 1605, a source region 
1602, a drain region 1604 and a pixel electrode 1605 (FIG. 13A). 

Subsequently, the resist mask 1601 is removed. FIG. 13B shows a cross-sectional 
view in this state. 

As described above, through three photolithography steps, a light transmitting 
semiconductor display device including the source wiring 1606, an inverse-stagger pixel TFT 
1607, a storage capacitor 1608 and a terminal portion 1609 can be manufactured. 

As in Embodiment 3, a driving circuit formed with an IC chip is mounted to 

^ perform the image display in Embodiment 4. 

D 
S 

m 

m (Embodiment 5) 

s" Va 

fli The active-matrix substrate and the liquid crystal display device, manufactured 

i 

s through embodiments of the present invention, can be used for various electro-optical 
□ 

SI apparatuses. Specifically, the present invention can be applicable for all electronic devices 
□ 

*£S including such an electro-optical apparatus as a display section. 

5 

iJ As examples of such electronic devices, video cameras, car navigation systems, 

personal computers and portable information terminals (such as mobile computers, portable 
telephones, or electronic books) can be given. Some examples of these electronic devices are 
shown in FIGS. 14 A to 14D. 

FIG. 14A illustrates a personal computer including a main body 801, an image input 
section 802, a display section 803 and a keyboard 804. 

FIG. 14B illustrates a video camera including a main body 805, a display section 
806, a voice input section 807, operation switches 808, a battery 809 and an image-receiving 
section 810. 

FIG. 14C is a digital camera including a main body 811, a camera section 812, an 
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image-receiving section 813, operation switches 814, and a display section 815. 

FIG. 14D illustrates a player utilizing a recording medium containing the recorded 
programs (hereinafter, simply referred to as a recording medium). This player includes a 
main body 816, a display section 817, a speaker section 818, a recording medium 819, and 
operation switches 820. This device uses a DVD (Digital Versatile Disc), a CD or the like as 
a recording medium to allow the music, the movies, the games and the Internet to be enjoyed. 

As described above, the present invention has an extremely wide application, and 
thus is applicable to electronic devices of various fields. The electronic devices in 

^ Embodiment 5 can be realized with the structure obtained by any combination of 

b 

q Embodiment mode 1, Embodiment mode 2 or any combination of Embodiments 1 to 4. 

08 

fn According to the present invention, the conductive film and the second amorphous 

EP 

fy semiconductor film and the first amorphous semiconductor film can be removed with the 

08 

a same etching gas. Further, a TFT can be manufactured with three photomasks to realize 

O 

SI improvement in productivity and yield. 

o 

Moreover, the ends of the first amorphous semiconductor film are tapered in the 

□ 

PJ present invention. As a result, the problems of poor coverage of the pixel electrode can be 
solved. 
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